It is generally accepted that the thymus is one of the central lymphoid organs in the chicken and that lymphoid nodules are rarely seen in the thymus. Jankovió and his collaborators (1967, 1969) reported the presence of lymphoid nodules in the thymus of some chickens. We have made similar observation while studying the ontogeny of lymphoid organs in the chicken. This paper deals with the appearance of lymphoid nodules in the thymuses of normal chickens and chickens vaccinated with Newcastle disease.
Materials and Methods
The animals used in this work were the same chickens employed in a previous study (Nomura 1972 (Nomura , 1973 . They included 79 embryos and 145 birds of various ages, from newly-hatched to 1-year-old. These animals were obtained from the Yoshiwa Chicken Farm in Ube city and the Nishinippon Chicken Farm in Hofu city during the period June 1966 to May 1967. Chickens older than 8 weeks had been injected with Newcastle vaccine 50 and 120 days after hatching.
The thymuses, along with other lymphoid organs, were examined histologically.
Lymphoid nodules were counted in at least 2 sections per organ.
Results
Lymphoid nodules were observed in the thymus of 9 out of 145 chickens (Table 1) . They were not seen in the thymuses of embryos and of chickens younger than four weeks. Nodules first appeared 5 weeks after hatching and were localized in the medulla. They were not seen elsewhere.
The cells . They were devoid of a dark zone consisting of small lymphocytes, and were almost completely delimited from the surround.-ing parenchyma by a thin band of connective tissue. Occasionally, these lymphoid nodules were found adjacent to small blood vessels and capillaries.
Not infrequently, island of epithelial cells and cystic structure lined with epithelial cells were seen nearby.
The number Of lymphoid nodules in the individual thymuses of the 9 chickens in which they occurred was not constant. Table 2 lists the average number of nodules observed per tissue section of the whole of a thymic lobe. The thymuses of two birds (TORI 35 and 95) contained many nodules but the others had only 1 or a few. Even in those containing many nodules their number differed considerably from lobule to lobule (Table 2) . No marked differences in the size of the nodules were noted. Lymphoid nodules with similar cellular characteristics were also found in the spleen and in the tonsilla caecalis of these chickens. They first appeared 3 weeks after hatching in the spleen and 4 weeks after hatching in the tonsilla caecalis. Thus, lymphoid nodules in these two lymphoid organs developed earlier than in the thymus (Table 3) . Lymphoid nodules could not be detected in any lymphoid organ, except the bursa of Fabricius, before the second week of life. The thymuses also contained a few plasma cells in chickens older than 8 weeks. The time of initial appearance of this type of cell in the various lymphoid organs, including the bursa, is shown in Table 3 .
Discussion
The principal findings shown by the present study concern the presence of lymphoid nodules in the thymus of some chickens during the course of normal growth.
The appearance of a few plasma cells was also a normal feature of the thymus in chickens after 8 weeks of age. The development of lymphoid nodules and plasma cells has been noted to be closely related to antigenic stimulation.
The present results, therefore, suggest that the thymus, in certain circumstances , responds to direct contact with the antigen with resultant production of such thymic lymphoid nodules.
Thymic lymphoid nodules have been reported in guinea pigs (Marshall and White 1961, Awaya 1965 ) and in hamsters (Sherman et al. 1964 (Sherman et al. , 1965 following direct injection of antigens into the thymus . Such nodules have not usually been observed following systemic administration of antigen. These findings suggest the presence of a "thymic barrier" preventing the ent rance of the antigen into the thymic parenchyma. Sainte-Marie (1963) and Kostowiecki (1967) , however, showed that soluble antigen or trypan blue, injected intramediastinally or subcutaneously, penetrates readily into the thymic parenchyma. Other authors confirmed that there is no absolute barrier in K. Awaya, S. Tomonaga, K. Sakai and J. Tashiro the thymus (Clark 1964 , Gervin and Holtzman 1972 , Kouvalainen and Gitlin 1967 , Kramersky et al. 1967 , Raviola and Karnovsky 1972 . Our data agree with these findings. In the present study, the 6 chickens older than 8 weeks which had been injected with Newcastle vaccine, may have developed thymic lymphoid nodules because of this vaccination.
But 3 chickens, aged 5 to 7 weeks, also had such structures in their thymuses without any specific antigen injection.
These chickens may have been exposed to antigens normally occurring in their environment.
Thus, the present study suggests that, occasionally, the thymus may participate directly in immune responses.
It is important to note that lymphoid nodules in the thymus first appeared at five weeks of age and that no other lymphoid organs, except the bursa of Fabricius, developed lymphoid nodules earlier than the 2nd week of life. The bursa reaches its maximum weight, relative to body weight, at that time (Nomura 1973) . This supports the view that in the chicken lymphoid nodules are bursa-dependent (Cooper et al. 1965 (Cooper et al. , 1966 (Cooper et al. , 1967 .
The thymic lymphoid nodules were localized in the medulla and often occurred near epithelial structures, suggesting that epithelial elements may have some relation to the formation of lymphoid nodules. Sherman et al. (1965) suggested that Hassall's corpuscles play a role in the formation of thymic lymphoid nodules, but our results shed no new light on this possibility.
Summary
Lymphoid nodules were found in the thymus of 9 out of 145 chickens during the course of normal growth.
Nodules first appeared in the 5th week of life. Histologically these nodules consisted of lymphocytes of various sizes, cells in mitosis and reticulum cells. They closely resembled lymphoid nodules in the spleen an& the tonsilla caecalis.
The possibility is discussed that the formation of lymphoid nodules in the thymus of the chicken is bursa-dependent and that the appearance of such thymic nodules may represent a close relationship to immune responses. 
